In iron pnictides, high temperature superconductivity emerges after suppressing antiferromagnetism by doping. Here we show that antiferromagnetism in Ca1−xLaxFeAs2 is robust against and even enhanced by doping. Using 75 As-nuclear magnetic resonance and nuclear quadrupole resonance techniques, we find that an antiferromagnetic order occurs below the Néel temperature TN = 62 K at a high doping concentration (x = 0.15) where superconductivity sets in at the transition temperature Tc = 35 K. Unexpectedly, TN is enhanced with increasing doping, rising up to TN = 70 K at x = 0.24. The obtained phase diagram of this new system enriches the physics of iron-based high-Tc superconductors.
The relationship between magnetism and superconductivity is an important issue in strongly correlated electron systems. In copper oxides, carrier doping into Mott insulators suppresses the magnetic order and induces high temperature superconductivity [1] . In iron pnictides or selenides, superconductivity also emerges after the magnetic state is destroyed. For example, in LnFeAsO (1111 system, Ln = lanthanoid), substitution a few percent of F for O suppresses the antiferromagnetic order and induces superconductivity with the transition temperature T c up to 55 K [2] [3] [4] [5] [6] [7] [8] . In BaFe 2 As 2 (122 system), substitution of K (T M = transition metal) for Ba (Fe) introduces hole (electron) to the system [9] [10] [11] [12] . In either cases, superconductivity appears at low doping level less than 10% [9] [10] [11] [12] . In some of these compounds, magnetism can coexist microscopically with superconductivity [13, 14] . The extensive studies have shown that the quantum spin fluctuations associated with the magnetic order are important for superconductivity [14] [15] [16] [17] .
However, this picture has been challenged by recent materials which suggested that the phase diagram of the iron-pnictides can actually be much richer and the physics may be more diverse. With the high-pressure technique, it has been reported that one can dope carriers beyond x = 0.5 [18, 19] . In LaFeAsO 1−x F x , although no magnetism or even magnetic fluctuations was found in the high-doping region, T c forms another dome centered at x ∼ 0.5 [19] . In hydride-doped LaFeAsO 1−x H x , T c also forms another dome [18] , but antiferromagnetism emerges after superconductivity disappears for x > 0.5 [20, 21] . The magnetism in the highly hydride-doped system is intriguing, but the origin of this antiferromagnetism and its relation to superconductivity are still unclear [21, 22] . In particular, requirement of the unconventional method (a high-pressure synthesis technique) to obtain LaFeAsO 1−x H x samples prevents this interesting phenomenon far from understanding. A more easilyavailable material example is highly desired.
Recently, a new system, Ca 1−x La x FeAs 2 (112-type), was discovered [23] [24] [25] [26] by the conventional synthesis technique. It crystallizes in a monoclinic structure (space group P 2 1 ) and consists of the stacking of the Fe 2 As 2 and the (Ca,La) 2 As 2 layers along the c-axis. The pure compound CaFeAs 2 cannot be obtained, but replacing Ca with La (x ≥ 0.15) can stabilize the 112 phase. The highest T c = 35 K was found for x = 0.15 [23] [24] [25] . Since one La atom introduces one electron to the Fe 2 As 2 layer, the doping level is high compared to the ambientpressure-synthesized 1111 or 122 systems. With further doping beyond x = 0.15, T c decreases and disappears at x = 0.25 [24] . The band structure calculation showed that the overall Fermi surfaces are similar to those of LaFeAsO 1−x F x [23] . Interestingly, it has been confirmed that both the As-Fe-As bond angle and the lattice parameter do not change from x = 0.15 to 0.25 [24, 25] .
In this Rapid Communication, we report a finding of a magnetic order with the Néel temperature T N = 62 K for Ca 0.85 La 0.15 FeAs 2 with T c = 35 K by 75 As-nuclear magnetic resonance (NMR) / nuclear quadrupole resonance (NQR) techniques. Furthermore, we find unexpectedly that T N increases with increasing doping, rising up to T N = 70 K for x = 0.24. Our system provides a new opportunity to study the relationship between high-T c superconductivity and doping-enhanced magnetism.
Single crystals of Ca 1−x La x FeAs 2 (x = 0.15, 0.19, and 0.24) were prepared as reported elsewhere [23] [24] [25] . The La concentrations were determined by energy-dispersive X-ray spectrometry measurement. ac susceptibility measurements using the NMR coil indicate T c ∼ 35 and 34 K for x = 0.15 and 0.19, respectively, but no T c is observed for x = 0.24. The magnetization M was measured using the Quantum Design Magnetic Property Measurement System (MPMS). In order to achieve a good signal to noise ratio, about 500 mg of small-sized (about 100 µm in diameter) single crystals were collected for NMR/NQR measurements [27] . NMR/NQR spectra were taken by changing rf frequency and recording spin echo intensity step by step. The 75 As-NMR T 1 was measured at the frequencies in the center transition (m = 1/2 ↔ −1/2) peak [28] .
As a typical example, Fig. 1 (a) shows the 75 As-NMR (I = 3/2) spectrum for x = 0.19. The nuclear spin Hamiltonian is expressed as a sum of the Zeeman and nuclear quadrupole interaction terms,
, where 75 γ = 7.292 MHz T −1 , h is Planck's constant, H 0 is the external magnetic field, K is the Knight shift, and I is the nuclear spin. NQR frequency ν Q and asymmetry parameter η are defined as
, with Q and V αβ being the nuclear quadrupole moment and the electric field gradient (EFG) tensor at the As site, respectively [29] . As seen in Fig.1 (a) inset, the 75 As-NMR center transition consists of two peaks which correspond to crystallites with θ = 41.8
• and 90
• , where θ is the angle between H 0 and the principal axis of the EFG along the c-axis [29] . Theoretically, the peak intensity of θ = 41.8
• is higher than that of θ = 90
• for a complete powder pattern [29] . However, we found the opposite, which indicates that about 50 % of the tiny crystals are aligned to H 0 , with H 0 ab-plane. This situation allowed us to obtain T 1 with H 0 ab-plane with great accuracy [28] . As shown by the solid [As(1) site] and dotted [As (2) site] arrows, we obtained two sets of 75 As-NMR spectra, since Ca 1−x La x FeAs 2 has two inequivalent As sites, one in the Fe 2 As 2 layer and the other in the (Ca,La) 2 As 2 layer. Each set has three transitions from I z = (2m+1)/2 to (2m−1)/2 where m = −1, 0, 1. From Fig. 1(a) , we estimated ν remains about the same. Since the lattice parameters do not change with doping [24] , the origin of doping dependence of ν Q should be the EFG generated by the doped electrons in the Fe 2 As 2 layer. Hence, we conclude that As(1) originates from the Fe 2 As 2 layer and As(2) from the (Ca,La) 2 As 2 layer. The doping dependence of ν As(1) Q is in good agreement with that reported in LaFeAsO 1−x F x [16] .
To investigate the evolution of the normal-state electronic property, we measured the temperature dependence of the 75 As-NMR center peak and T 1 for As(1). As seen in Fig. 2 , the 75 As-NMR spectra unexpectedly became broad at low temperatures for all doping levels. Concomitantly, 1/T 1 divided by temperature (1/T 1 T ) showed a peak at T = 62, 63, and 70 K for x = 0.15, 0.19, and 0.24, respectively. This is consistent with the critical slowing down behavior across T N as observed in BaFe 2 As 2 [30] and LaFeAsO 0.97 F 0.03 [16] , suggesting that the origin of the broadening of the NMR spectra is due to the appearance of the internal magnetic field H int at the As site.
In order to further confirm the origin of the spectrum broadening, we measured the evolution of the NQR spectrum and compared it with NMR result. Figure 3(a) shows the 75 As-NQR spectrum obtained at T = 70 K and 4.2 K for x = 0.24. Figure 3(b) shows the 75 As-NMR spectrum at T = 10 K for x = 0.24 chosen from Fig.  2(c) . As was observed in the NMR, the 75 As-NQR spectrum also became broad at low temperatures. Figure 3(c) shows the temperature dependence of the full width at the half maximum (FWHM) of the 75 As-NQR spectrum. To obtain the H int (T ) and T N , we employed the following simulation. In a magnetically ordered state, the NQR Hamiltonian is expressed as H AFM = − 75 γh I · H int + H Q . As a first step, we assumed H int = (0, 0, H int ) as was found in the underdoped iron pnictide [30] . As shown schematically in Fig. 3(a) inset, the energy levels of the nuclear spins change and the 75 As-NQR spectrum splits into two peaks at ν AFM = ν Q ± 75 γH int below T N . The NQR spectrum at T = 4.2 K can be reproduced by a sum of the two Lorentzian curves centered at ν AFM . This indicates that the H int below T N is spatially uniform. On the other hand, if we assume the H int is parallel to the abplane, it can also reproduce the NQR spectrum with H int = 0.05 T [28] . However, as seen in Fig. 3(b) , H int abplane, which generates an in-plane internal field of ±H int at the As site, is inconsistent with the NMR spectrum. Rather, it seems consistent with H int c-direction, which just shifts the peak position and makes the NMR spectrum width broad [13] . And hence, H int = (0, 0, H int ) below T N is the most plausible in this case. The obtained H int (T ) is plotted in Fig. 3(c) . The solid curve is a fit to the mean field theory that gives a T N = 70 K. This is exactly the temperature at which 1/T 1 T shows a peak. From these results, we conclude that the peak in 1/T 1 T is due to the onset of an antiferromagnetic order.
As seen in Fig. 2(d) , the antiferromagnetic order occurs in the highly electron-doped region (x ≥ 0.15) in the present system, while the antiferromagnetic phase is completely suppressed in LnFeAsO 1−x F x [2] [3] [4] [5] [6] [7] [8] and Ba(Fe 1−x T M x ) 2 As 2 [10] [11] [12] at much lower doping concentration. Notably, T N increases with increasing doping. The mechanism of the increase of T N by doping is unclear at the present stage. One possibility is that the nesting between enlarged Fermi surfaces due to electron doping [31, 32] can act to enhance the antiferromagnetism [33] .
Next, we discuss possible magnetic structure below T N . According to the previous report [30] , the H int at the As site can be written as the sum of the contribution from the four nearest neighbor Fe sites as ing vector q = (π, 0, 0) or (π, 0, π) found in the underdoped iron pnictides [30] . In this case, m produces H int = 4B ac (m c , 0, m a ). Using B ac = 0.43 T/µ B [30] , we obtain m a ∼ 0.03 µ B which yield H int = 0.05 T. However, this value would be one order magnitude smaller than that observed in LaFeAsO (m Fe = 0.36 µ B , T N = 137 K) [34] and BaFe 2 As 2 (m Fe = 0.87 µ B , T N = 143 K) [35] . Below we consider another possibilities. The first one is q = (π, π, 0) or (π, π, π). In this case, H int is perpendicular to the c direction [30] and can be ruled out. The second one is q = (0, π, 0) or (0, π, π), which produces H int = 4B bc (0, m c , m b ). This type of magnetic structure has recently been discovered in LaFeAsO 0.49 H 0.51 with m a = 1.21 µ B and T N = 89 K [21] . Obviously, this does not produce H int at the As site. The observed spatially distributed H int [22] may be because that this antiferromagnetic state is accompanied by a structural transition, which causes displacement of As and Fe atoms about 0.13 A in the a direction [21] . Our system is similar to this situation. The As atom in Ca 1−x La x FeAs 2 also exhibits small displacement of 0.03Å in the a direction originated from its monoclinic crystal structure [23] . Therefore, although further quantitative understanding is difficult, this may explain the present results. In fact, such order was predicted by the band calculation for CaFeAs 2 [36] . We call for neutron diffraction measurements to determine the magnetic structure for Ca 1−x La x FeAs 2 . Figure 4 summarizes the phase diagram of Ca 1−x La x FeAs 2 .
We find that antiferromagnetism in Ca 1−x La x FeAs 2 is robust against doping.
Furthermore, T N increases with increasing doping. This phase diagram is qualitatively similar to the heavily doped LaFeAsO 1−x H x [20, 21] . However, there are two fundamental differences between them.
First, the heavily doped LaFeAsO 1−x H x shows structural phase transition above T N [21] , but it has not been observed in Ca 1−x La x FeAs 2 [23] . Secondly, the situation regarding the relationship between antiferromagnetism and superconductivity is completely different. In heavily doped LaFeAsO 1−x H x , the antiferromagnetic phase and superconductivity are segregated completely [22] , but they coexist microscopically in Ca 1−x La x FeAs 2 as elaborated below. Figure 5 shows the temperature dependence of 1/T 1 [28] . For all La concentration, 1/T 1 decreases rapidly below T N in accordance with the uniform H int (T ) (see Fig. 3 ). As shown in Fig. 5 inset, the bulk nature of superconductivity for x = 0.15 and 0.19 is confirmed by the large superconducting shielding fractions and further assured by the distinct reduction of 1/T 1 below T c . These results indicate that antiferromagnetism and superconductivity coexist microscopically for x = 0.15 and 0.19. Furthermore, 1/T 1 shows 1/T 1 T = const. behavior well below T N for x = 0.24, suggesting that the heavily doped Ca 1−x La x FeAs 2 is an antiferromagnetic metal. For x = 0.15 and 0.19, 1/T 1 decreases rapidly again below T c (H) as found previously [14] [15] [16] [17] . It is worth noting that 1/T 1 at low temperatures in the superconducting state becomes to be proportional to T . In the superconducting state coexisting with an antiferromagnetic order, the spin rotation is broken so that a spin-triplet component can be mixed [37] . Our observation may be a reflection of such novel phenomenon, since the spin triplet state will have nodes in the gap function. More work in this regard is deserved.
In summary, we have presented the systematic NMR/NQR studies on the La-doped iron-pnictide Ca 1−x La x FeAs 2 . We find the doping-enhanced antiferromagnetism that microscopically coexist with superconductivity. Such feature has never been reported before among the iron pnictides and/or the high T c cuprates. Since the lattice parameters in Ca 1−x La x FeAs 2 do not change by doping, the unusual evolution of antiferromagnatism and superconductivity compared with other iron pnictides is originated purely from doped carriers. The present results provide further opportunity and new perspective for understanding the roll of doped carrier and the mechanism of high T c superconductivity in the iron pnictides.
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